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BACKGROUND—The objective was to compare the dietary intakes of individuals with type 1 
diabetes (T1D) to individuals without diabetes in China.
METHODS—Data are from 1) the 3C Nutrition Ancillary Study, a cross-sectional study of 
individuals with T1D in China, and 2) the China Health and Nutrition Survey. Dietary intake in 
both samples was assessed using three 24-hour recalls. ANCOVA and multivariable logistic 
regression, adjusted for sex, age, and urban-rural residence, were used to assess differences in 
nutrient and food group intake between participants without diabetes (n=1059) and participants 
with T1D (n=97), who were stratified by insulin regimen (basal-bolus, n=49, versus fixed, n=48).
RESULTS—Participants with T1D had a lower percentage of energy from carbohydrates, higher 
vegetable intake, and were more likely to consume low-fat cakes and fungi/seaweed compared to 
participants without diabetes (all p<0.05). Distinguishing characteristics of insulin regimen groups 
also emerged. Participants on fixed regimens had higher intakes of wheat and were less likely to 
consume fruit and more likely to consume high-fat cakes and dairy compared to participants 
without diabetes (all p<0.05). Participants on basal-bolus regimens were less likely to consume 
fried foods and more likely to consume fish/shellfish compared to participants without diabetes 
(all p<0.05).
CONCLUSIONS—Differences in dietary intake between participants with and without T1D in 
China suggest that dietary modifications are common and reflect carbohydrate-conscious nutrition 
recommendations for individuals with T1D. Future research should focus on the health effects of 
these modifications.
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INTRODUCTION
Modifications to dietary intake have consistently been an essential component of type 1 
diabetes (T1D) treatment. In a considerable shift from the prescriptive diets characteristic of 
much of the 20th century,1–3 in 1994, the American Diabetes Association (ADA) published 
nutrition recommendations emphasizing individualization of dietary advice with a focus on 
the effects of nutrition therapy on metabolic control.4 The most recent ADA 
recommendations reiterate that there is no “one-size-fits-all” diet for individuals with 
diabetes and that food choices should only be limited when supported by scientific 
evidence.5
There is a dearth of information on the dietary intakes of individuals with T1D from low- 
and middle-income countries where economic development and urbanization have resulted 
in a transition from traditional foods to foods high in saturated fat and sugar, and low in 
fiber.6,7 Whether this nutrition transition has also affected the dietary intakes and self-
management practices of individuals with T1D in these countries has yet to be explored.
A recent study conducted in Shanghai reported a mean annual increase in the incidence rate 
of T1D of 14.2% between 1997 and 2011, suggesting that the burden of T1D in China is 
increasing.8 China has also undergone dramatic changes in diet over the past 20 years.9–12 
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The objective of this study was to compare the dietary intakes of individuals with T1D in 
China to those of individuals without diabetes in China. Such a comparison will improve our 
understanding of how patients with T1D are modifying their diet relative to the general 
population in order to manage their condition and will inform future interventions to 
improve the lives of individuals with T1D in China.
MATERIALS AND METHODS
Study samples
The 3C Study was an epidemiological study of the coverage, cost, and care of T1D in 
China.13 The 3C Nutrition Ancillary Study (3CNAS) was conducted between February and 
August 2013, on average, 1.6±0.2 years (range: 1.2–2.0 years) after the 3C Study, and 
expanded the 3C Study to include comprehensive information on dietary intake. 3C Study 
participants who met the following criteria were eligible for 3CNAS: Beijing resident, ≥12 
years old, no severe diabetes complications (i.e. advanced micro- and macrovascular 
complications, including nephropathy and stroke), and in-service telephone number 
available. A total of n=195 3C Study participants met these criteria. Of these, n=72 (37%) 
refused to participate and n=23 (12%) dropped out before the 3CNAS visit. The final sample 
size was n=100. There were no differences in diabetes duration, sex, education, or residence 
status between those who participated and those who refused or dropped out (all p>0.05). 
However, those who participated tended to be older (p=0.001), have higher household 
incomes (p=0.05), and be retired/unemployed (p=0.06) and married/cohabitating (p=0.02).
Data on individuals without T1D residing in Beijing came from the most recent (2011) 
China Health and Nutrition Survey (CHNS). CHNS is an ongoing open cohort of the health 
and nutritional status of the Chinese population.14 For the first time in 2011, 24 communities 
from Beijing were included in the survey. CHNS participants who met the following criteria 
were eligible for this analysis: Beijing resident, ≥12 years old, no diagnosed diabetes, and 
dietary data available. The final sample size was n=1059.
All procedures were approved by The University of North Carolina Office of Human 
Research Ethics and for 3CNAS, the Peking University Biomedical Institutional Review 
Board, and for CHNS, the China National Institute of Nutrition and Food Safety, China 
Center for Disease Control and Prevention. All participants provided informed consent (≥18 
years old) or parent permission and participant assent (12 to <18 years old).
Dietary intake assessment
Dietary intake in 3CNAS was assessed using three (two weekdays and one weekend day) 
telephone administered 24-hour recalls assisted by food records. Telephone administration 
was used to overcome the cultural stigma associated with T1D in China, which precluded 
visiting the homes of participants. This method was validated against in-person 
administration in a subset of participants.15 At the end of the 3CNAS visit, participants were 
trained by dietitians to record their dietary intake on food records provided in an 
introductory packet. Emphasis was placed on estimating portion sizes using food samples, 
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an electronic scale, and a culturally appropriate portion size picture guide. On average, 
beginning 3.0±2.8 days after this visit, participants completed the three 24-hour recalls.
Dietary intake in CHNS was assessed using three consecutive in-person administered 24-
hour recalls randomly allocated to start between Monday and Sunday in combination with a 
household food inventory conducted over the same 3-day period.10 Food models and picture 
aids were used by trained interviewers to assist with estimating portion sizes. For dishes 
prepared at home, the recipe components were taken from the household food inventory and 
portion sizes were based on the proportion of the dish reportedly consumed by the 
participant.
For both 3CNAS and CHNS, the 24-hour recall food lists were converted into nutrients 
using the Chinese Food Composition Tables.16,17 Nutritionally meaningful food groups were 
derived by a collaborative working group that included researchers at The University of 
North Carolina, Chapel Hill, and the China National Institute of Nutrition and Food 
Safety.10 Nutrients were specified continuously as energy densities.18 Due to the non-normal 
distribution of some food groups largely stemming from large proportions of non-
consumers, food groups were specified as binary variables. Food groups with ≥80% 
consumers were dichotomized as below versus above the median of the corresponding food 
group distribution in g/1000 kcal among participants without diabetes, and food groups with 
<80% consumers were dichotomized as non-consumers versus consumers.
Covariate assessment
Self-reported demographic data were collected via interviewer-administered questionnaires 
during the 3C Study visit and the CHNS visit. Both studies used standardized protocols to 
measure weight and height. Underweight and overweight for adults (≥18 years) were defined 
according to the WHO’s recommendation as underweight, BMI <18.5 kg/m2, and 
overweight, BMI ≥25 kg/m2,19 and for adolescents (12 to <18 years) using the sex- and age-
specific cut-points recommended by the International Obesity Task Force.20,21
Information on insulin administration was collected during the 3CNAS visit. Two insulin 
regimens were defined as follows: (1) “basal-bolus,” including continuous subcutaneous 
infusion and regimens with ≥3 daily injections that included glargine or detemir, and (2) 
“fixed,” including regimens with ≥3 daily injections with any insulin types excluding 
glargine and detemir and regimens with 1–2 injections per day of any insulin types.
Statistical analysis
Descriptive statistics were used to summarize sample characteristics, and differences 
between participants with and without diabetes were evaluated using ANOVA for continuous 
variables and chi-square tests for categorical variables.
Potential confounders, including age, sex, marital status, household income, residence 
status, education, occupation, medical insurance coverage, smoking status, and BMI status, 
were explored using a directed acyclic graph22 and formally evaluated by estimating their 
associations with both the exposure (diabetes status) and outcomes (nutrients and food 
groups). We found that BMI status was a collider in the directed acyclic graph analysis, 
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being both the result of diabetes status and dietary intake. We therefore did not include BMI 
status in our final models as adjustment for colliders results in biased estimates.23,24 The 
final adjustment set included sex, age (<22 years versus ≥22 years), and residence status 
(urban versus rural) as these factors were associated with the exposure (Table 1) and the 
outcomes (data not shown). Because n=3 participants with T1D were missing residence 
status, the final sample size for this analysis was n=1059 without diabetes and n=97 with 
T1D (n=49 on basal-bolus insulin regimens and n=48 on fixed insulin regimens).
Confounder-adjusted differences were calculated using ANCOVA for continuous variables 
(nutrients) and multivariable logistic regression for binary variables (food groups). Given 
that dietary recommendations for T1D management are specific to an individual’s insulin 
regimen and differ between flexible, basal-bolus regimens and fixed regimens,25 analyses 
were conducted with 1) all participants with T1D combined and 2) participants with T1D 
stratified by insulin regimen (basal-bolus versus fixed).
All statistical analyses were conducted using SAS 9.2 (SAS Institute, Cary, North Carolina). 
Values presented are mean±SD or percentage (n) unless otherwise indicated.
RESULTS
Participants with T1D were more likely to be <22 years old (p=0.04) and single/divorced/
widowed (p<0.0001), had higher incomes (p=0.002) and education (p=0.01), and were more 
likely to be underweight and less likely to be overweight (p<0.0001) compared to 
participants without diabetes (Table 1). Participants with T1D on fixed insulin regimens 
were more likely to be male compared to the other two groups (p=0.04), and participants 
with T1D on basal-bolus insulin regimens were more likely to be urban residents compared 
to the other two groups (p=0.008).
The macronutrient composition of the diets of participants with and without T1D differed 
substantially (Table 2). Participants with T1D had a significantly (p=0.01) lower adjusted 
mean percentage of energy from carbohydrates compared to participants without diabetes: 
approximately 47% of calories from carbohydrates in those with T1D versus 50% in those 
without diabetes. Consistent with this observation, participants with T1D had a significantly 
higher adjusted mean percentage of energy from fat (p=0.04) and protein (p=0.02) compared 
to participants without diabetes. Stratification by insulin regimen revealed that the 
differences in carbohydrate and fat were stronger among participants on fixed insulin 
regimens, while the difference in protein was more evident in participants on basal-bolus 
insulin regimens. No statistically significant differences were observed in adjusted mean 
fiber intake.
Participants with T1D in both insulin regimen groups were more likely to be consumers of 
low-fat cakes (adjusted OR [95% CI], 3.19 [1.99, 5.10]) and fungi/seaweed (adjusted OR 
[95% CI], 2.69 [1.76, 4.12]) compared to participants without diabetes (Table 3). They were 
also significantly more likely to be above the median intake for vegetables (adjusted OR 
[95% CI], 8.33 [4.37, 15.86]) compared to participants without diabetes.
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Participants with T1D on basal-bolus insulin regimens had several distinct dietary 
modifications (Table 3): they were less likely to be consumers of fried foods (adjusted OR 
[95% CI], 0.48 [0.23, 1.00]) and more likely to be consumers of fish/shellfish (adjusted OR 
[95% CI], 1.95 [1.08, 3.52]) compared to participants without diabetes.
Participants with T1D on fixed insulin regimens also had several distinct dietary 
modifications (Table 3): they were more likely to be above the median intake for wheat 
products (adjusted OR [95% CI], 2.03 [1.08, 3.81]), and they were more likely to be 
consumers of high-fat cakes (adjusted OR [95% CI], 2.73 [1.25, 5.95]) and milk/milk 
products (adjusted OR [95% CI], 2.57 [1.19, 5.53]). Furthermore, they were less likely to be 
consumers of fruit (adjusted OR [95% CI], 0.47 [0.26, 0.87]).
DISCUSSION
Individuals with T1D in China had a lower mean percentage of energy from carbohydrates 
compared to individuals without diabetes. In addition, they had higher intakes of vegetables, 
fungi/seaweed, and low-fat cakes. Several distinguishing characteristics of insulin regimen 
groups also emerged: participants on fixed regimens had higher intakes of wheat products 
and were less likely to consume fruit and more likely to consume high-fat cakes and dairy 
compared to participants without diabetes. In contrast, participants on basal-bolus regimens 
were less likely to consume fried foods and more likely to consume fish/shellfish compared 
to participants without diabetes. Together, these observations suggest that dietary 
modifications are common among individuals with T1D in China and reflect carbohydrate-
conscious nutrition recommendations.
Few studies have systematically compared the dietary intakes of individuals with T1D and 
the general population. One study conducted in the United States found similar results to our 
study, reporting that adults with T1D had a higher mean percentage of energy from fat and 
protein and a lower mean percentage of energy from carbohydrates compared to controls.26 
A similarly higher mean percentage of energy from fat compared to controls has also been 
observed in several small samples of youth with T1D in Europe.27,28
In contrast to the aforementioned studies, a small study conducted in Australia did not find 
any statistically significant differences in dietary intake between adults with newly 
diagnosed T1D and controls despite the fact that all of the T1D participants were reportedly 
following fixed insulin regimens matched to a set diet.29 Two other studies, both conducted 
in youth with T1D in Europe, also did not find significant differences in the macronutrient 
composition of the diet between participants with T1D and controls.30,31 In our study, most 
participants with T1D were on fixed insulin regimens matched to a rigid diet with respect to 
timing and amount of food,15 and we observed substantial differences in dietary intake 
between participants with T1D and those without diabetes despite previously reporting 
limited nutrition education in this group of participants.15 This result may partially stem 
from the fact that our sample, relative to the aforementioned samples, was older and had 
longer disease durations. More research is needed to identify the underlying factors 
contributing to the observed dietary modifications of individuals with T1D in China.
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The mean fiber intakes of participants with T1D and those without diabetes were well below 
the recommended level of 14 g/1000 kcal.5 While there was no statistically significant 
difference between these means after adjustment for confounders, the fiber intake of 
participants with T1D was, on average, approximately 0.8 g/1000 kcal lower than that of 
participants without diabetes. Given that fiber intake is inversely associated with all-cause 
mortality and cardiovascular disease risk among individuals with diabetes,32,33 identifying 
strategies for improving dietary fiber intake should be an important goal of future research.
Individuals with T1D in both insulin regimen groups had higher intakes of vegetables, fungi/
seaweed, and low-fat cakes compared to individuals without diabetes. The observation that 
they were more likely to consume fungi/seaweed may be the result of recommendations 
during diabetes education courses to eat more sugar-free foods, of which fungi are used as 
an example. The increased intake of low-fat cakes, which includes biscuits/crackers, likely 
reflects the common use of these food items to treat hypoglycemia in China.
We observed that individuals with T1D on fixed insulin regimens were increasing their 
wheat product intake relative to individuals without diabetes. They also restricted their rice 
intake relative to individuals without diabetes, though it was not statistically significant. 
These observations may reflect the fact that physicians in China, when discussing the effects 
of carbohydrates on blood glucose, often use rice as an example. In the absence of additional 
nutrition education, we hypothesize that patients may subsequently equate rice with high 
blood glucose and replace rice with wheat products for their staple food. Similarly, we 
observed that individuals with T1D on fixed insulin regimens were more likely to consume 
high-fat cakes compared to individuals without diabetes, perhaps because sugar-free cakes 
tend to be higher in fat and patients focus on low-sugar, low-carbohydrate foods rather than 
the totality of nutritional information. Finally, individuals with T1D on fixed insulin 
regimens (but not those on basal-bolus insulin regimens) restricted fruit intake, a 
phenomenon also reported in the United States,34 and again, likely the result of a 
carbohydrate focus rather than a healthy diet focus. Overall, the lack of physician time and 
dietitian involvement in T1D care in China may be contributing to patient misconceptions 
relating to nutrition. In-depth, qualitative research into this phenomenon may prove to be 
informative for future nutrition interventions in this population.
Participants with T1D on basal-bolus insulin regimens had a generally healthier diet than the 
other groups, consuming fewer fried foods and more fish/shellfish. They also had higher 
intakes of beans and eggs relative to individuals without diabetes, though these differences 
were not statistically significant. These observations are consistent with the higher protein 
intake found in this group. Together, these results suggest that individuals with T1D in China 
who are on basal-bolus insulin regimens may be more motivated and/or have higher 
adherence to self-management relating to nutrition.
Participants with T1D in both insulin regimen groups had significantly lower energy intake 
compared to participants without diabetes. They were also more likely to be underweight 
and less likely to be overweight compared to individuals without diabetes. This observation 
is consistent with a study conducted in Guangdong in southern China, which reported 
underweight and overweight prevalences of 19.6% and 11.8%, respectively, among 
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individuals with T1D.35 Several factors may be underlying these results including the fact 
that most participants with T1D in 3CNAS reported a rigid diet with respect to timing and 
amount of food, including those on basal-bolus insulin regimens,15 and this may prevent 
overeating and weight gain. Furthermore, the diabetes duration in this sample was relatively 
long and though 3C Study participants with self-reported advanced micro- and 
macrovascular complications were not eligible for 3CNAS, it is possible that the natural 
progression of T1D and undiagnosed complications contributed to the relatively high 
prevalence of underweight.
This study focused on individuals with T1D in a large urban area in northern China. 
Therefore, results may not be generalizable to more rural areas or southern China where the 
diet differs substantially from the north. Additional challenges of this study were differences 
in dietary assessment methods between 3CNAS and CHNS. While interviewers from both 
studies were trained by staff from the China Center for Disease Control and Prevention, and 
the 24-hour recall questionnaire and food composition tables were the same between studies, 
we cannot rule out that some of the differences observed between individuals with and 
without diabetes were the result of slight differences in dietary assessment methods rather 
than true differences between these populations. Related to this, dietary intake was self-
reported and therefore subject to differential misclassification as individuals with T1D may 
be more accustomed to reporting dietary intake. Finally, participants with T1D on basal-
bolus insulin regimens were more urban and therefore may have more modern lifestyles than 
the other two groups. Although we controlled for residence status in the analysis, we cannot 
rule out residual confounding by unmeasured correlates of a more urbanized, modern 
lifestyle.
The substantial differences in macronutrient content, particularly carbohydrates, and food 
groups between individuals with T1D in China and those without diabetes suggest that 
dietary modifications are common and reflect carbohydrate-conscious nutrition 
recommendations for individuals with T1D. Future research should focus on the effects of 
these modifications on quality of life and health outcomes.
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